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ABSTRACT 



This report contains estimates of hearing levels for 
children 6 to 11 years of age in the United States as determined in 
the second cycle of the Health Examination Survey, conducted during 
1963-1965, A probability sample (N=7,119) was selected to represent 
the 24 million children 6 to 11 years of age in the noninstit utional 
population. Hearing threshold levels for the right ear and left ear 
of each child examined were determined individually by air conduction 
with standard pure-tone audiometers at eight frequencies. Testing was 
done under carefully controlled conditions in a specially constructed 
trailer. The report gives findings by age and sex for the right ear, 
left ear and tetter ear at each of the test frequencies, and also 
presents estimates of hearing levels for speech. Comparison of the 
present study findings with findings from some of the previous 
large-scale hearing surveys, such as the 1935-1936 National Health 
Survey and the Pittsburgh Surveys, is included* Tables and appendixes 
comprise two thirds of the document* (Author/NH) 
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Series 11 reports present findings from the National Health Examination 
Survey which obtains data through direct examination, tests, and 
measurements of samples of the U.S, population. The reports published 
to date (Nos. 1 through 34) have related to the adult program. Additional 
reports concerning this group will be forthcoming and will be num- 
bered consecutively, 35, etc. The piesent report represents one of a 
large number of reports of findings from the children and youth pro- 
grams, Cycles II and III of the Health Examination Survey. These re- 
ports emanating from the same survey mechanism, will be published in 
Series 11 but are numbered consecutively beginning with 101. It is 
hoped this will facilitate the efforts to provide users with all of the 
data and only the data in which they are interested. 



THIS REPORT CONTAINS estimates of hearing levels for children 6- 
11 years of age in the United States as determined in the second cycle 
of the Health Examination Survey, conducted in 1963-65 . A probability 
sample of 7,417 children were selected to represent the 24 million chil- 
dren 6-11 years of age in the nonins titutiona'i population of the United 
States . Out of the 7,417 children selected in the sample, 7,119 or 96 
percent were examined . 

Hearing threshold levels for the right ear and left ear of each child ex- 
amined were determined individually by air conduction with standard 
pure- tone audiometers at eight frequencies — 250, 500, 1000, 2000, 3000, 
4000, 6000, and 8000 cycles per second . Testing was done under care- 
fully c mtrolled conditions, with respect to equipment and acoustical en- 
vironment, by trained technicians in an acoustically treated room in the 
specially constructed trailer in the mobile examining center . 

The report gives findings by age and sex for the right ear, left ear, and 
better ear at each of the test frequencies, as well as presenting esti- 
mates of hearing levels for speech* These findings are the first to be 
made available from a nationwide probability sample of children in the 
United States . 

Comparison of the findings from the present study with those from some 
of the previous large-scale hearing surveys, such as the 1535-36 Na- 
tional Health Survey and the Pittsburgh Surveys, are included . 

Hearing threshold levels are expressed in terms of the 1951 American 
Standards Association's audiomefri^ zero, as they were for the National 
Health Examimtion Survey among adults in 1960-62, but the Interna- 
tional Organization for Standardization's 1964 ISO recommendation for 
standard reference zero is also shown . 



SYMBOLS 

Data not available — 

Category not applicable 

Quantity zero 

Quantity more than 0 but less than 0.05- — 0.0 

Figure does not meet standards of 
reliability or precision * 



HEARING LEVELS OF CHILDREN 
BY AGE AND SEX 

Jean Roberts and Paul Huber, Division of Health Examination Statistics 



INTRODUCTION 

Contained in this report are national esti- 
• mates of hearing levels for children based on 
data obtained at eight frequencies by individual 
air -conduction testing with pure-tone audiometers 
in the Health Examination Survey of 1963-65. 

The Health Examination Survey is one of the 
major programs of the National Center for Health 
Statistics, authorized under the National Health 
Survey Act of 1956 by the 84th Congress as a 
continuing Public Health Service activity to de- 
termine the health status of the population. 

Three different survey programs are utilized 
in the National Health Survey. 1 The Health Inter- 
view Survey is concerned primarily with the im- 
pact of illness and disability upon the lives and 
actions of people and the differentials observable 
in various population groups. It collects informa- 
tion from samples of people by household inter- 
view. The Health Records Survey consists of 
follow-back studies based on vital records, in- 
stitutional surveys to establish sampling frames 
as well as provide data, and surveys based on 
hospital records. The third major program is the 
Health Examination Surrey. 

In the Health Examination Survey, data are 
collected by direct physical examinations, tests, 
and measurements performed on the population 
studied. This vehicle provides the best way to 
obtain actual diagnostic data on the prevalence of 
certain medically defined illnesses. It is the only 
reliable way to secure information on unrecog- 
nized and undiagnosed conditions and on a variety 
of physical, physiological, and psychological 
measures within the population. It also provides 



demographic and socioeconomic data on the sam- 
ple population under study. 

The Health Examination Survey is conducted 
as a series of separate programs referred to as 
’'cycles.” Each cycle is limited to some specific 
segment of the U.S. population. In the firs; cycle 
data were obtained on the prevalence of certain 
chronic diseases and on the distribution of various 
measures and other characteristics in a defined 
adult population, as previously described. 2 » 3 

The second program or cycle, on which this 
report is based, required the selection and ex- 
amination of a probability sample of the non- 
institurionalized children 6-11 years of age in 
the United States. The examination focused pri- 
marily on health factors related to growth and 
development. It included an examination by a 
pediatrician and by a dentist, tests administered 
by a psychologist, and a variety of tests and 
measurements by a technician, A description of 
the survey plan, sample design, examination con- 
tent, and operation of the survey is contained in a 
previous report. 4 

Field collection operations for this cycle 
were started in July 1963 and completed in De- 
cember 1965. Out of the 7,417 children selected 
in the sample, 7,119 or 96 percent were examined. 
This national sample is representative of the 
roughly 24 million noninstitutionalized children 
6-11 years of age in the United States with re- 
spect to age, sex, race, region, size of place of 
residence, and change in size of place of residence 
from 1950 to 1960. 

During his single visit, each child was given 
a standardized examination by the examining 
team in the mobile units specially designed for 
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use in the survey. Prior to the examination, in- 
formation was obtained from the parent of the 
child. This consisted of dermgraphic and socio- 
economic data on household members as well as 
medical history, behavioral, and related data on 
the child to be examined. Ancillary data for the 
child on grade placement, teacher's rating of his 
behavior and adjustment, and health problems 
known tr the teacher were requested from the 
school. For verification of the child's age and 
information related to the child at birth, birth 
certificates were obtained. 

Policies for the testing of hearing and the 
related examination of the ears, nose, and throat 
were provided through the Subcommittee on Hear- 
ing in Children of the Committee on Conservation 
of Hearing of the American Academy of Ophthal- 
mology and Otolaryngology, of which Dr. Raymond 
E. Jordan is Chairman. Members of the subcom- 
mittee also made on-site visits to review the on- 
going hearing examination. Facilities for the test- 
ing of hearing, training of technicians in testing 
and in instrument calibration, and for acoustical 
surveys were made available through this group. 
Dr. Eldon L. Eagles, Executive Director of the 
Subcommittee, served as principal consultant in 
the hearing aspects of the survey. Specific guid- 
ance on audiometric testing and the training of the 
technicians in this testing was given by Dr. Leo 
Doerfler of the University of Pittsburgh. Instru- 
ment calibration, background noise level surveys, 
and specific guidance on environmental control 
aspects of hearing testing was provided by Mr. 
Kenneth Stewart through his acoustics laboratory 
at the University of Pittsburgh. Special training in 
performing the ear examination was also given the 
survey staff pediatricians. 

HEARING LEVEL MEASUREMENT 
AND RELATED EXAMINATION 

Hearing threshold levels were determined 
for the right and left ear of each child individually 
at eight frequencies— 250, 500, 1000, 2000, 3000, 
4000, 6000, and 8000 cycles per second (cps)— 
in an acoustically treated room using air- conduc- 
tion earphones with standard pure- tone audiom- 
eters. The related examination of the ear, nose, 
and throat by the survey staff pediatrician included 
an evaluation of the condition of the drum . auditory 



canal, and external ear as well as an inspection 
of the oral pharynx, tonsils, and nose. 

Hearing threshold level, as us< d in this re- 
port, is the lowest intensity of a pure tone pro- 
duced in the audiometer earphone that is reported 
as just audible to the ear of the examinee being 
tested in the specified number of trials. The 
standard audiometers used in the survey were 
calibrated in accordance with the 1 95 1 American 
Standards Association specifications. 5 Hence the 
zero sound intensity level on the dial of these 
instruments corresponds to the threshold of hear- 
ing for "normal" subjects as determined in the 
National Health Survey of 1935-36. At that time 
the voltages were measured on earphones that 
produced sounds which were, in general, barely 
audible to persons with no history of otological 
disease or difficulty in hearing. 

The "audiometric zero" or zero point on the 
audiometer was expressed in terms of the sound 
pressure levels in decibels (dB) produced by the 
earphones in a National Bureau of Standards' 
(NBS) 9- A coupler when the voltages correspond- 
ing to this threshold of hearing are applied. This 
audiometric zero point corresponds to a different 
sound pressure level for each test frequency. 
Measurement of hearing level could be made in 
5-decibel steps from 100 decibels above to 10 
decibels below this audiometric zero point. Since 
the hearing of children is substantially more 
sensitive than that of the adults tested in Cycle 
I of the Health Examination Survey, the audiom- 
eters were modified by the insertion of a 30- 
decibel attenuator so that testing could be done 
to as low as 40 decibels below audiometeric. zero 
in a stable part of the range of the instrument. 
This made a corresponding reduction in the upper 
limit that was possible. The value of the attenu- 
ator was later subtracted to obtain the actual 
readings. The reading in decibels re audiometric 
zero is 20 times the logarithm to the base 10 
of the ratio of the sound pressure at the indi- 
vidual's threshold of audibility (zero sensation 
level) to the reference sound pressure established 
for audiometers (audiometric zero). Both sound 
pressures in this ratio are frequently expressed 
in decibels re 0.0002 dyne per square centimeter. 
Findings from the survey are presented in terms 
of the 1951 American Standard as they were for 
the adult Health Examination Survey in 1960-62. 
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The basis for converting these findings to those 
m terms of the 1964 standard reference zero 
recommended by the International Organization 
for Standardization and now under considera ion 
for adoption is given in appendix III. 

For the testing, performed by trained tech- 
nicians, the child was seated with his back to the 
window in the acoustically treated test room in 
which the door had been closed (fig. l).The tech- 
nician made sure that the child’s ears were not ob- 
structed with cotton and that eye glasses, ear- 
rings, and chewing gum were removed. For girls, 
h^ir was pulled back off the ears. He then placed 
the earphone opening over the ear canal and made 
sure that the earphone had a good seal against 
the child’s ear. The red earphone was placed on 
the right ear, the gray on the left. 




Figure I. Testing hearing of children in Cycle II of 
the Health Examination Survey. 



Before placing the earphones the child was 
told that once they were placed the child should not 
touch them, that the sound which would be like 
whistles or horns that would come from them 
would be heard in one ear at a time and would 
get progressively fainter. The child was asked to 
show when the sound was heard by raising his 
right or left hand and to raise his hand even 
though the sound was very faint. 

The power on the instrument was on for at 
least 10 minutes prior to the test. The 4000 cycle 
tone was introduced to the first ear to be tested 
at a level of 60 decibels for about 3 seconds. 
When the child responded, the intensity level was 
set 10 decibels below the previous stimulus 
intensity and presented for about 5 seconds. The 
level of the tone was dropped in LO-decibel steps 
in this manner until no response was obtained. 
Then the intensity was raised 5 decibels. If a 
response was obtained, the intensity was reduced 
10 decibels. If no response there, the intensity 
was raised 5 decibels. The threshold recorded 
was the lowest dial reading at which 50 percent 
or more responses were obtained, 2 out of 3 trials 
or 3 out of 5 trials. Only ascending responses 
were counted in determining the threshold. The 
sequence of testing was done in a randomized 
fashion starting with 4000 cps, then proceeding to 
1000, 6000, 500, 2000, 250, 4000, 8000, and 3000. 
Testing of the ears was alternated starting with 
the right ear for children with even numbered 
records and with the left ear for children with odd 
case numbers (appendix I). 

During the hearing test when it becam a ap- 
parent that the child was too fadgued to give 
reliable responses, the frequencies of 3000 and 
8000 cycles per second were omitted. Asa re- 
sult the extent of missing data at Tiese two 
frequencies for the youngest children (6 and 7 
years old) was very large, and the estimates 
shown for them will be much less reliable than 
for the others (appendix II). 

After the testing the technician indicated on 
the record what conditions, if any, affected the 
test such as a cold, ear discharge, defective 
equipment, earache, behavior, or other. If the 
technician indicated that because of the condition 
he felt the hearing test results were unreliable, 
these results were not used. 
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A disinfectant was applied to the headband 
and earphones following each test session. 

The technician was trained to avoid rhythmic 
presentation of signals to the child, to skip to 
another threshold temporarily so as to avoid a 
long, drawn out search for a particular thresh- 
old, to avoid visual or auditory clues when the 
tone was presented, and to avoid distracting activ- 
ity. 

Acoustical Environment 

Hearing was tested in an acoustically treated 
room within a specially constructed trailer in 
the mobile examining center. The inside di- 
mensions of the room measured 84 by 156 by 96 
inches. Walls, door, and ceiling consisted of 4- 
inch thick acoustical panels of ''eavy steel con- 
struction. The room contained incandescent light- 
ing and had continuous but quiet ventilation. 

Performance of the room in attenuating ex- 
ternal noise was determined by acoustical sur- 



veys conducted under normal test conditions 
periodically throughout the cycle. Sound pressure 
levels were measured both inside and outside the 
test area with and without the air-conditioning 
equipment on and under other conditions of ex- 
cess noise. When compared with the American 
Standards Association’s maximum allowable 
sound pressure levels for no masking of the test 
signals above audiometric zero, 8 the findings 
'shown in table A) indicate that under normal 
conditions with the air-conditioning equipment 
on, the rooms would have provided sufficient 
attenuation of ambient noise for testing to at 
least 20 decibels below audiometric zero at all 
test frequencies. The lowest hearing level for 
which there would be no masking ranged from 22 
decibels below audiometric zero at 250 cycles 
per second to 28-35 decibels below at 500-2000 
cycles and 40 decibels or more below from 3000- 
8000 cycles. Hence, for all practical purposes 
only at the 250 cycles frequency could masking 
due to extraneous uoise have produced an ele- 



Table A. Acoustical survey l of the noise levels 2 in the test room used for audiometry 

in the Health Examination Survey * 1963-65 



Frequency band (cps) 


Audiometric 

test 

frequency 

(cps) 


Maximum allowable 
sound pressure 
for no masking 
above au^iometric 
zero from 1951 
American Standard 
(dB) 1 


Instrument 

noise 

(dB) 


Sound pressure 
level (dB) 
inside test room 


All air 
condi- 
tioning 
off 


All air 
condi- 
tioning 
on 


Total----- 


- 


- 


- 


44-52 


61-68 


20-75 - 


50 


40 


14 


40-50 


61-68 


75-150 


125 


40 


12 


28 


38*-40 


150-300 


250 


40 


12 


12 


17-18 


300-600 


500 


40 


11 


11 


12 


600-1200 


750 


40 








600-1200 


1,000 


40 


11 


10-11 


11 


1200-2400 


1,500 


42 








1200-2400 


2,000 


47 


11 


12 


12 


2400-4800 


3,000 


52 








2400-4800 


4,000 


57 


12 


12 


12 


4800-10000 


6,000 


62 








4800-10000 


8,000 


67 


12 


12 


13 



September 19, 1963, at Poughkeepsie, New York. 
2 Sound pressures in decibels re 0.0002 dyne per cm 2 . 
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vated rather than a true hearing level for the few 
children whose hearing levels were unusually low 
(less than 22 decibels below audiometric zero). 

During the cycle it was not always possible 
to select locations for the examining center that 
at all times present ed an ideal acoustical environ- 
ment for hearing testing and still met other 
conditions necessary for the rest of the examina- 
tion. 

Analysis of the findings in the frequencies 
lower than 2000 cycles gives no real evidence 
of any noticeable degree of masking from external 
noise, indicating that the acoustical environment 
was adequate for testing to these low levels. 



Audiometer Calibration and Other Aspects 
of Quality Control 
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The audiometers used in this survey to meas- 
ure hearing acuity were Beltone and Maico in- 
struments — standard electroacoustical genera- 
tors with air -conduction earphones (receivers) 
of type TDH-39 with MX-41/AR cushions, pro- 
viding pure tones of selected frequencies and in- 
tensities which cover the major portion of the 
auditory range, and with a manual device for In- 
terrupting the tone. 

The audiometers were modified and cali- 
brated at the acoustics laboratory of the Uni- 
versity of Pittsburgh to J? urnish readings in terms 
of hearing levels in decibels on the National 
Bureau of Standards' 9- A calibrating coupler 
relative to the 1951 American Standards Associ- 
ation's audiometric zero at frequencies of 125 
250, 500, 750, 1000, 1500, 2000, 3000, 4000, 
6000, and 8000 cycles per second. This audio- 
metric zero (American Standard, 1951) for air- 
conduction testing is based on findings from the 
clinical followup to the 1935-36 National Health 
Survey for that subgroup of persons considered 
to have "normal” hearing. This subgroup con- 
sisted of 1,242 persons, of all ages and both 
sexes, who gave a history of normal hearing for 
speech and whose hearing levels (determined by 
air-conduction tests) for both ears did not ex- 
ceed a total variation of 15 or 20 decibels on the 
eight tones from 64 to 8192 cps.T 8 



The sound pressure levels produced by an 
audiometric earphone in the NET 0 -a coupler 
when voltages con espon ding to audiometric zero 
are applied differ for each type and configuration 
of earphone. The levels for the TDH-39 ear- 
phones used in this survey examination, together 
with the corresponding present international ref- 
erence zero levels for pure-tone audiometers 
recommended by the International Organization 
for Standardization (ISO) t are shown in appendix III. 

During the cycle, each audiometer was re- 
turned to the acoustics laboratory at the Uni- 
versity of Pittsburgh for recalibration after each 
of the 40 stands (locations) of the examinations 
and also on the few occasions when monitoring 
and calibration indicated that the instrument was 
not functioning adequately. Laboratory calibration 
procedures routinely included tests to determine 
whether the instruments were within the following 
American Standards Association Specifications 
(table B): 5 

1. Frequencies generated by the audiometer 
within ± 5 percent ->f the corresponding 
frequency reading on the instrument. 

2. The sound pressure produced by the ear- 
phones at each hearing level intensity 
readings at each frequency not differing 
from the normal values by more than 4 
decibels at frequencies of 2000 cycles or 
less and by not more than 5 decibels at 
frequencies above 2000 cycles. 

3. The 5-decibel intervals between succes- 
sive hearing level readings being not less 
than 3.5 decibels or more than 6.5 deci- 
bels. 

4. The time required for the test tone to 
rise to a value within ± 1 decibel of the 
required sound pressure being not less 
than 0.1 second and not more than 0.5 
seconds. 

5. The sound pressure of the fundamental 
signal being at least 25 decibels above 
the sound pressure of any harmonic. 
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